This article compares self-reported learning gains and experiences of teachers in four professional development courses funded through Google's 2014 Computer Science for High School program. The courses were designed and taught independently at four universities and started late enough in the year to participate in our pre-post study. Two of the courses used a face-to-face approach, one was online only, and one used a hybrid format. Analyses from 314 pre-surveys and 129 post-surveys indicate CS teachers are far from homogenous, suggesting that some customization may benefit professional development. We also saw a stronger sense of community in the two face-to-face courses. Among the outcomes we measured, teacher concerns (Hall and Hord 1977) were more sensitive to change than our measures of self-efficacy, outcome expectations, readiness, or beliefs. Findings illustrate the variety of CS teacher professional development experiences and the need to study the best ways to scale effective CS teacher education.
INTRODUCTION
In this study, we examine four attempts to address the growing demand for scalable professional development for computer science (CS) teachers. This work complements similar studies undertaken by Goode et al. (2014) and Ericson et al. (2014) in the U.S., and Sentance et al. (2014) in the U.K., as well as major efforts by the National Science Foundation (Cuny 2012) and Code.org (Wilson 2013) . It also follows on the highly valuable landscape study conducted by researchers at the University of Chicago (Century et al. 2013) , which surfaced the need for a more coherent system of professional development for computer science teachers, improved alignment of professional development content and teacher needs, and an increased focus on teaching and learning in the classroom.
Early Lessons from Evaluation of Computer Science Teacher Professional Development 21:3
The use of online courses for teacher professional development in CS is a fairly recent development, and, as a result, there is, as of yet, not a large body of research on its efficacy. Vivian et al. (2014) noted that the varied backgrounds of participants created a challenge "to provide educators new to the discipline area with the fundamental knowledge but also opportunities for educators who are more comfortable with the learning area to extend themselves." There are also well-documented concerns regarding low completion rates (Perna et al. 2013 ) and other issues related to online teaching (EPFL 2014) . These opportunities and concerns led us to launch a study of the efficacy of Computer Science for High School (CS4HS) courses in late 2014. Although the study had limited data, they highlight key issues for scaling CS teacher professional development and challenges in conducting studies to be addressed going forward.
THE PROGRAM
The goal of the CS4HS program is to meet the growing demand for professional development for CS teachers and to learn about effective professional development practices. The program was based on a model developed and offered by Carnegie Mellon University in 2006 was piloted at multiple universities with support from Google. In 2009, Google officially launched CS4HS as an annual program that provides grants to universities and nonprofit organizations offering multiple-day workshops for CS teachers. Under CS4HS, interested organizations submit applications via a central application process that are reviewed based on criteria laid out in the application documents. The criteria for 2014 included the following: applicants must be affiliated with a college, university, technical college, community college, or an official non-profit organization; workshops must have a clear CS focus and either be a legacy program with face-to-face model or a new course to be delivered through an online format. While the criteria have evolved over the years, the program has consistently enabled the applying organizations to determine the learning content and format.
When CS4HS launched, very little professional development was available for computer science teachers and there was little agreement or research as to the efficacy of content and mechanisms. Since 2009, CS4HS has funded workshops in 294 locations for more than 20,000 teachers globally and has continued to evolve as a way to meet changing learning needs and explore critical questions with regard to scaling (Gray et al. 2015) . With growing interest in using online technologies to support knowledge generation and sharing, in 2014 CS4HS added funding for programs using an online format to help scale CS professional development to more U.S. teachers. CS4HS was seen as a viable venue for exploring different approaches to professional development, building on the strong relationship between Google and universities and between the universities and classroom teachers. These relationships provided a sense of trust and collaboration and helped create an environment for experimentation and openness that allowed the study to be conducted on a voluntary basis. Google's online efforts have involved multiple courses that were widely available and free (Mindell et al. 2014) . While these were not truly massive, the participating universities were encouraged to experiment with different approaches for delivering courses.
The pressing need to solve the scalability challenge for teacher professional development in CS education led us to begin trying different formats for CS teachers in Google's CS4HS program. Starting with this study in late 2014 we began identifying the more effective courses for different audiences and their characteristics, believing this could inform research and program development. Our study was not designed to thoroughly test the efficacy of any particular course; however, we were interested in initial outcomes and evidence of effectiveness for the different courses, including those experimenting with different approaches.
RESEARCH QUESTIONS
The guiding questions for our study were as follows:
(1) Who participates and persists in each course? (2) How do knowledge and attitudes change? (3) How do changes in knowledge and attitudes vary by course? (4) Do any course characteristics appear to be associated with different outcomes?
We used analyses driven by these questions to draw tentative conclusions about the impact of the courses for different participants and to explore implications for effective design.
RESEARCH METHODS

Selection of Participants
To conduct this study, CS4HS identified four professional development providers that had not yet begun their courses so they could provide pre-post measures. This excluded CS4HS courses that started earlier in the year while the study was still being approved. From the four courses we were able to study, we obtained data from over 300 teachers from March 2014 to November 2014. All four courses recruited participants using similar methods, including the following:
• Emailing teacher listservs (i.e., CSTA, AP CS, Math and Science Teachers), • Emailing school principals and curriculum coordinators, • Emailing participants from CS4HS programs offered in previous years, and • Emailing other educational teaching and outreach programs at the given institution.
Courses varied in length from 3 to 4 days to 2 to 4 weeks, and content from the four courses covered the following areas:
• Fundamental knowledge and skills of CS, • Beauty and Joy of Computing, • App development, • Computational logic and problem solving, and • Programming logic using Scratch.
We were fortunate to obtain data from courses that used different delivery approaches, but this was a convenience sample, and methodologies were not entirely consistent. In addition, funding for programs was provided as an unrestricted gift, so Google had limited ability to require consistent data collection and reporting, relying instead on each site to collect the data in a way that worked for them. As a result of this individualized data collection and analysis, two courses with online components sent the post-survey to all pre-survey participants, while the two face-to-face courses only included participants who continued to the end of the course. Because these factors could deflate post-survey scores for the Online and Hybrid courses, if non-completers filled out the survey, we are cautious to mention these and other differences in our case studies and we avoid generalizing beyond the participating courses.
Measures
We used our survey instrument to collect participant data for each course on demographics (age, gender), years teaching, and experience learning and teaching CS. We used pre-post measures based on the Stages of Concern approach developed by Hall and Hord (1987) , who posited that concerns about an innovation often progress from earlier stages that tend to be informational and personal, such as whether they are interested and have sufficient knowledge, to managerial, such as what is needed to implement effectively (in our case preparing to teach CS and being able to assess students), and then to later stages involving impact and improvement, such as how the innovation improves learning and can itself be improved. A current summary of this framework is available from American Institutes for Research (2017) . The study also addressed constructs such as self-efficacy in teaching CS, identified by Bandura (1997) , and expectations, beliefs, and readiness using measures for self-efficacy, expectancy, and task value based on English (2013) .
Before launching this study, we piloted the survey in two courses and used participants' feedback and "other" responses, as well as reliability and factor analyses to improve our measures. Although each set of items produced a reliable index (alpha >.75 or better), given the exploratory nature of this study, we focus as much on individual items that were sensitive to treatment as the scale scores.
We administered the survey to participants before and after each course. Using data from the 95% of the participants who were teachers, we analyzed 258 pre-surveys and 129 post-surveys. Because the pre-and post-responses were unmatched, we can only compare the overall responses on the surveys. To address the validity of these comparisons, we looked for systematic differences in backgrounds and demographics of respondents that might bias the results (e.g., if only those with extensive CS teaching experience completed the post-survey). In fact, we found very little systematic difference, as shown in Figure 1 . Finally, survey completion was a condition for entering or completing the courses, so they represent a census of those who started and finished. We do not have response rates to address how many declined to participate or were unreachable. Instead, we focus on attrition rates and whether those who completed the post-surveys were similar in numbers and characteristics to those who took the pre-surveys.
Participant Demographics and Background
Overall, we found participants were experienced teachers with more than half between the ages of 40 and 59 years of age. This demographic is consistent with the 2013 CSTA Computer Science in High Schools Survey which indicated that 77% of CS teachers are 41 years of age or older (CSTA 2013) . Around 80% of our participants had six years or more teaching experience, and over half had 11 or more years. About 80% taught in public schools, mostly at the high school level (60%, with an additional 10-15% teaching high school but also other grades). There were slightly more female (58% pre, 52% post) than male participants. A large majority (83%) was Caucasian.
There was a mix of CS experience. Just fewer than 50% had already taught a full CS course, 20-25% had a degree in CS, and 75% had at least some CS-focused professional development (with over 50% reporting a week or more). A majority (70%) of the participants reported that they had at least a little experience teaching CS or other IT-related subject area, and almost everyone else had taught other STEM subjects. Although a majority reported some experience learning CS, only a few (30%) reported "much" or "very much" experience teaching CS. When asked, "Why are you interested in taking this course," there was a good mix. About 50% of teachers had chosen to teach CS, approximately 20% had been assigned, and approximately 25% were thinking about teaching CS.
Comparing Demographics on Pre-and Post-surveys
Although the sample size was substantially larger for the pre-survey, participant demographics on the post-survey were very similar. This supports the validity of pre-post comparisons in the absence of matched data. Figure 1 shows that the average years teaching was very similar. In addition, Appendix A shows that gender, ethnicity, school type, and years of teaching were similar (within just a few percentage points) between pre-and post-survey participants. Additional comparisons suggesting the pre-post participants were similar are shown in Appendix B. For example, reasons for taking the course were rated in the same order and were reported with the same frequency (within 3%) between pre and post.
There were a few small differences. Appendix A shows the percent of teachers with degrees in CS rose from 20% on the pre-survey to 26% on the post-survey. In addition, the proportion of females dropped from 58% to 52%, and, consistent with findings from Haywood (2014) , the percentage of 40-somethings dropped while the percent of 50-somethings went up.
Analysis
Mean differences between pre-and post-survey scores were analyzed using Analysis of Variance (ANOVA), with effect sizes using Cohen's D computed from the resulting means and standard deviations. Although there is some debate, scholars including Norman (2010) and De Winter et al. (2010) have supported using parametric statistics like these with Likert-style items. When we examined non-parametric differences through the Mann-Whitney analysis using the approach described by Fritz et al. (2012) , all of the positive findings remained statistically significant. The one negative finding from the parametric analysis ("I can cover the material within the required timeframe") was no longer statistically significant. Effect sizes for the non-parametric analysis tended to be slightly smaller than those generated from the parametric analysis; however, the difference never exceeded an absolute value of .10 and on average only differed by .03. Because these differences were so minor, and because it is more intuitive to talk about means than ranks, we report ANOVA results with Cohen's D, and we provide non-parametric analyses in the appendices. For survey items where we examined percentages of categorical responses, chi-square analyses were utilized. The retrospective item on CS knowledge gain used a paired sample t-test. All analyses were conducted using SPSS software.
OUTCOMES 6.1 Self-reported CS Knowledge Gains
One of the post-survey questions asked participants to rate their overall knowledge of CS before and after the course on a five-point scale, retrospectively assessing their own growth in knowledge. At the end of the course, 66% said they had a high or very high level of CS knowledge, while only 22% felt this looking back at themselves before the course. There was a significant increase in mean responses (ES = 1.25) in self-rated knowledge from before the course (M = 2.8, SD = .99) to after the course (M = 3.9, SD = .75), t(125) = 14.073, p < .001. Although this item may be more valid as an attitudinal/motivational measure than a cognitive outcome (Sitzmann et al. 2010) , it is still an indication of how the course experience varied for participants.
Intention to Use
Another outcome can be seen in participants' responses to the question regarding how many activities or resources from the course they planned to incorporate into their curriculum. Based on the post-survey responses, Figure 2 shows that over half of the participants (52%) planned to incorporate "most" or "almost all" of the activities or resources presented in the course, and 78% indicated at least some plans to use the resources that were provided in the course.
Pre-post Changes in Concerns and Other Attitudinal Measures
Both the pre-and post-surveys asked participants to assess their concerns about and interest in teaching CS, self-efficacy for teaching CS, expectations regarding the potential impact on students, beliefs about CS teaching (and its importance), and readiness for teaching CS. Appendix C provides the prompts for each of the items.
Overall, we see statistically significant pre to post differences. Table 1 lists each index score with its associated items, with mean scores and changes from pre-to post-using ANOVA (t-test), standard deviations, and effect sizes (based on the pre-survey standard deviation). Full analyses with standard deviations and F-values are shown in Appendix D, with similar non-parametric results shown in Appendix E.
Ratings of concerns about teaching CS on the overall index were significantly lower (ES = −.56) at the post-survey (M = 2.24, SD = .66) than they were at the pre-survey (M = 2.59, SD = .55), F(1, 432) = 29.98, indicating that these concerns were significantly lower after the courses. This was the case for all but one item ("deciding whether I want to teach CS"), which started and ended as the lowest-rated concern.
There was not a significant pre-to-post difference on the overall self-efficacy scale, but a couple of items did show gains: "I can teach the concepts required by the curriculum" and "I can effectively teach all students." There was also a significant decrease for "I can cover the material within the required timeframe," perhaps due to a more informed understanding of the required curriculum by the end of the course. For outcome expectation measures, the overall mean difference was statistically significant, based on the strength of two items "My students will be highly engaged" and "My students will be interested in CS degrees or careers." In contrast, the beliefs scale such as "teaching CS is something I will enjoy" or "I will prepare my students for future careers" did not exhibit changes, nor did any of the readiness items except "I have support from a PLC beyond my school," which was moderately correlated (r = .26, p < .01) to whether a sense of community was reported in the course. 
Ongoing Needs for Support
To identify needs for additional support, we asked an open-ended question about what tools, support, or resources were still needed after the course.
Informal analysis of open-ended responses (coded by one of the authors and summarized in Figure 3 ) listed the types of resources that teachers wanted at end of the courses. Coding used an informal but iterative process to create the smallest number of categories.
Each comment was first broken down into distinct codeable segments (e.g., a single comment could list more than one tool or resource). Each segment was assigned a code. Identical or nearly identical content received the same code. After the initial round of coding, related codes were combined to create a smaller, yet still distinct, set of categories. Codes with a frequency of "1" were combined into the "other" category. It appeared teachers continued to want more classroomrelevant content. In addition, they identified access to hardware as a critical issue, a finding that is consistent with Phillips and Stephenson (2013) , who found lack of adequate hardware access for CS courses can be a barrier to CS, even as computers may be available and used for other purposes in the school (e.g., testing).
EXPLORATORY CASE STUDIES 7.1 Comparing Primary Outcomes by Course
To learn more from our study, we disaggregated results and analyzed how the implementation of CS4HS differed for each course, including how the populations in these courses differed, had different rates of attrition and retention, and changed attitudes from pre-post. In addition to changes in self-reported knowledge and attitudes, key points of comparison included the overall sense of community reported, whether the course would be recommended to others, and how much of the content participants planned to use in their teaching.
These findings are viewed as exploratory. We cannot presume the results will generalize to other courses or that our survey data fully represent what happened in the courses. The results of these exploratory analyses, summarized in Table 2 , illustrate how much variation is evident even in just four courses.
There were statistically significant differences in the percent of respondents agreeing or strongly agreeing that the course had a sense of community, X2 (3, 120) = 13.13, p < .005, and affirming that they would recommend the course to others, X2 (3, 119) = 24.31, p < .001 The sense of community reported by teachers appeared to be stronger in the courses that had a face-to-face format (70%+), while Course D (Online) had lower recommendation ratings (63%) than the other courses.
There were also statistically significant differences (Chi-Sq = 39.74, N = 121, df = 12, p < .001) regarding intention to incorporate activities or resources into the curriculum. Within each category, the difference between the most-and least-frequent response was statistically significant (p < .05, ANOVA with posthoc Bonferroni adjustments). For example, Course D (Online) reported the least intention to use (40% "1/4 or less") and Course B (Hybrid) reported the most (50% "almost all").
For the pre-post attitude changes, Course C (FTF2) showed the largest decrease in concerns (ES = −.83) and an increase in purported beliefs (ES = .53). Course D (Online) also showed a decrease in reported concerns (ES = −.67), while Course B (Hybrid) participants reported a significant increase in outcome expectations (ES = .46) and marginally significant changes in selfefficacy (ES = .34) and concerns (ES = −.34). Table 3 provides ANOVA statistics for these findings. Additional details on attitudes changes by course are provided in Appendix F. Finally, all of the courses saw statistically significant gains in self-reported knowledge, especially Course C (ES = 2.12), based on paired sample t-test (Table 4) .
These exploratory findings must be taken with caution, in part because Courses A and C (with their face-to-face formats) only conducted post-surveys with participants who completed the course. In contrast, Courses B and D included online participation and sent post-surveys to all pre-survey participants, allowing course non-completers to respond in a way that might deflate post-survey averages. This was particularly a concern in Course D, where the number of participants in the post-survey was less than a quarter (22%) of those who participated in the pre-survey (Table 2) .
Additional exploratory comparisons concern differences in teacher background (Appendix G) and baseline differences in attitudes (Appendix H). Not surprisingly, Course A's (FTF1) participants, who had considerable CS teaching experience, were less concerned about whether they wanted to teach CS and were more concerned about how to teach CS better and improve learning outcomes. Course C (FTF2) had the fewest experienced CS teachers (a large proportion of middleschool STEM teachers) and had more teachers at earlier "stages of concern" (Hall and Hord 1987) , still learning what CS is. Course D (Online) had sizable minorities (40%+) of both experienced and less experienced CS teachers and, with these widely varied backgrounds, also had the highest mean score for concerns overall.
Finally, concerning retention patterns (shown in Appendix I), all of the courses more frequently retained teachers with more PD or CS experience and lost teachers with less experience, especially Course D (Online). Course C (FTF2) seemed best suited for those who had not taught CS yet (the percentage increased by +11%) but still had −22% attrition if teachers had no prior PD at all.
Summary Findings from Case Studies
In summary, Course A (FTF1) had a much higher proportion of teachers who had already taught a full CS course (73%) and who had a degree in CS (46% on the post survey). Despite a very strong sense of community and significant gains in self-reported knowledge, other attitudes did not shift for participants in this course
In contrast, Course B (Hybrid) also had numerous teachers with CS experience (Appendix G). Despite not reporting as strong a community of practice as other courses, this course exhibited pre-post differences in concerns and was the only course with statistically significant changes in expectations and self-efficacy measures. This course also had the highest proportion (50%) intending to use "almost all or all of the activities or resources."
Course C (FTF2) used a face-to-face approach and included many middle school STEM teachers (about 50%), and only a few with any experience teaching CS-related subjects. This course demonstrated a strong sense of community with 73% agreeing that "I felt a sense of community among participants of this workshop." It also showed the largest pre-post gains in knowledge (moving from 2.2 to 4.0 on a five-point scale). These results indicate that the greatest knowledge benefit was perceived where teachers had least experience and perhaps the most to learn.
In Course D (Online), fewer than half of the participants agreed there was a sense of community, and only one-third planned to incorporate most or all of the activities or resources. Fewer teachers (63%) would recommend this course compared to over 95% in the other courses. Despite this lessenthusiastic endorsement, the course reduced participants' concerns about teaching CS more than any other, and there was still a significant increase in self-reported CS knowledge gains. Moreover, as indicated previously, participants who did not complete the course may have completed postsurveys, and this could be deflate post-responses more than in the other courses.
DISCUSSION
The above summaries draw from surveys administered voluntarily using protocols determined by each course. Our program could not require identical methods or additional qualitative data to be provided because of the nature of the funding we provided. However, based on the information that is available, we see evidence of the complexity of implementing and studying CS teacher professional development across varied contexts.
It is difficult to interpret the outcomes of individual courses without knowing more about the participants, qualitative data about how they interacted with the content, what they did after the course, the pedagogical approaches of the instructor, the quality of the materials, the work that teachers and students produced, and so on. However, our study highlights challenges in online CS teacher education and challenges that arise when studying outcomes. For example, the relative novice CS teachers in Course C (FTF2) reported particularly large knowledge gains, and changes in concerns and beliefs, while Course A (FTF1) with teachers who started with more CS experience self-reported smaller growth in knowledge and none of the other attitude changes. This suggests that while providing professional development opportunities for beginning CS teachers is important, there could be a use for advanced courses that are customizable to the needs of experienced CS educators.
One of our hopes was to see in which courses participants reported a strong sense of community and how this might relate to outcomes. It appeared that the face-to-face courses had the strongest sense of community, but we cannot conclude there is a relationship to course format or outcomes. Instead, we note that it is difficult to tease apart community of practice outcomes from the overall course design and delivery, and other factors that would predict outcomes (e.g., why the teachers enrolled in the course). It would be helpful to see more evidence that a sense of community is important for outcomes for both novice and experienced CS teachers, including in what ways CS teachers who have a sense of community are more effective than their peers, for example, Ni et al. (2011) .
Although we were limited to the surveys we collected, a follow-up effort to collect more qualitative data might help us understand better, for example, why Course A (FTF1) with its strong sense of community and large self-reported knowledge gains did not results in larger pre-post attitude changes (Table 1) or how the online-only course (Course D-Online) served teachers with widely varying experience levels and still reported a strong sense of community compared to Course B (Hybrid) with its face-to-face component and relatively strong outcomes for efficacy, expectations, and intention to use. These few cases make clear how much we have to learn about how community does or does not contribute to teacher learning outcomes across professional development courses. In future studies, we hope to use matched pre-post data and qualitative data to identify and help us tell the stories of teachers who completed and did not complete the courses, including female teachers and others who appear to complete at slightly lower rates. We agree with Vivian et al. (2014) who noted that "Understanding the motivations and experience of those who did not complete the last module may provide insight into how we can improve. " In future research, we hope to collect more qualitative data and include a question about the extent of course completion on the post-survey to rule out the chance of non-completers negatively biasing the post-survey findings.
This study tried using a variety of conceptual frameworks to evaluate outcomes. The most useful set of measures for detecting differences, being sensitive to change over time and between courses (Table 2), were our measures of concerns about teaching CS that were based on stages developed by Hall and Hord (1987) . A few other items detected differences, but overall the self-efficacy and expectations measures were less sensitive, while beliefs and readiness items were rarely if ever worthwhile for drawing inferences about the efficacy of the different courses. It seems less worthwhile, therefore, to focus on abstract self-perceptions, or "high inference" items (Babad 1996; Chavez 1984) and more worthwhile to focus on immediate issues that teachers face and actions they can take. The efficacy item "My curriculum will allow me to teach CS effectively" seems to have countless dependencies a teacher must judge about his or her own teaching, the curriculum, and students. Meanwhile, "I am concerned about preparing to teach my course" seems like a fairly direct indicator of teachers' sense of preparedness, even if the reasons are not specified.
Additionally, the concerns framework appears to have broad utility, because participants in Course D (Online) exhibited large pre-and post-survey differences (the largest overall change in concerns) despite entering the course with widely different levels of CS teaching experiences. Given the need for more research on teacher professional development in CS education, we recommend looking for additional frameworks that can help assess change, building on measures from other CS-focused studies (e.g., McKlin et al. 2013; Wiebe et al. 2003) to help inform and improve teachers' experiences.
We would want to study larger numbers of courses and multiple cohorts before drawing conclusions about the impact of the course format, but this study helps us move in that direction. Partially as a result of these findings, the CS4HS grant criteria for 2015 were expanded to keep exploring different formats and to create a new emphasis on supporting stronger communities of practice. It is expected that future iterations of the program will bring additional revisions based on data from 2015-2016 grantees and future sessions, as well as an evaluation of the long-term impact of the CS4HS program. We hope the lessons learned will help future programs address the needs of CS educators and conduct more useful studies.
To conclude, this exploratory study examined four professional development programs carried out independently and using different approaches, under the auspices of Google's CS4HS program. It examined differences in teacher attitudes in relation to the program contexts and the characteristics of the teacher participants. Although the goal was to inform the CS4HS program, the study raises broader questions about how professional development outcomes vary for teachers with different backgrounds and working in different contexts. The variations in outcomes suggest possible strengths and weaknesses of professional development courses using different online and face-to-face approaches. Although these results are exploratory, they highlight worthwhile questions and challenges for future research on how teachers experience different kinds of professional development.
The study contributes conceptual frameworks relating to how effective professional development might be structured and how programs might be designed or modified to better support the learning needs of different populations of teachers. The study also provides useful information about different attitude measures that can reveal changes over time, both across and within programs. The evidence that teachers' concerns were among the most sensitive measures for exploring differences across sites and at different points in time may be of use to future researchers. Finally, the study suggests practical implications for curriculum and professional developers, including the need for awareness of teachers' needs in online courses and the challenge of providing learning opportunities for diverse participants.
The results of our preliminary study suggest different models and formats of professional development could impact learning outcomes in ways that vary depending on the participants and context. These results could inform future learning designers and researchers, who can benefit from recognizing that delivery methods, including face to face, blended, and online, are not experienced in just one way and could have benefits for some and disadvantages for others. It appears that attitudes and learning outcomes may interact with delivery mechanisms, contexts in which participants work, and the characteristics of the participants. Further studies could provide greater understanding of the interplay between these factors. By raising these issues and suggesting useful outcome measures, this article opens areas for investigation and contributes to the growing and much-needed body of research into CS education professional development.
ELECTRONIC APPENDIX
The electronic appendix for this article can be accessed in the ACM Digital Library.
